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(54)Titfc: KIT FOR RADIOLABEUNG PROTEINS WrrHVnRIUM-90 
(57) Abstract 

Methods and kits for radJolabeling proteins and peptides with radi- 
olytic isotopes, particularly yttrium-90. are disclosed, whereby sufficient 
purity, specific activity and binding affinity are achieved such diat the radi> 
olabeled protein may be dlieclty administered to a patient without further 
column purification. Such kits and methods will be particulaiiy useful in 
bringing radioinnmunotherapy to die hospital and outpatient setting for the 
treatment of cancer. 
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Eit for Radiolabeliiig Ptotdns with Yttriiiin.90 
Udd of <lie biveiitian 

Hie present invention relates to kits and methods for radiolabeling proteins 
and pq»tides with therapeutic radioisotopes such that these radiolabeled protend 

5 may be administered directiy to patients wiflioTittiie need for additional 

purification. Such kits and methods are particularly qiplicable to labeling protenis 
andpeptideswifliyttthmir90(«>Y). By (qrtimizing the xadiolabeling protocol such 
that no forther purification of the radiolabded piotem is required, the presoit 
invention has satisfied a long-felt need m the art by solving the persistent problem 

10 of how to provide yttrimn-labeled drugs in a user-friendly fonnatsudidiattiiese 
drugs may be easily prepared and administered m the hospital or outpatient settmg. 

Technology Background 

All publications and patent plications herein are mcorporated by 
reference to die same extent as if each individual publication or patent application 
15 was specifically and mdividually indicated to be incorporated by reference. 

Radiolabeled protems, particularly antibodies, have beai undergomg 
evahiation for many years as potential diagnostic and flierq)aitic reagents. Such 
reagents are thought to be particularly useful as cancer (hers^jeutics, now that 
20 researchers are begmning to identify tumor-specific antigens and cognate ligands 
or antibodies vrtudi bind to such antigens. By administering a radiolabeled ligand 
or antibody which has binding spedficily for a tumor-specific antigen, coupled to a 
radioisotope tiiat has a short range, high energy and abundant partide emission, 
one has tiie potential to deliver a lethal dose of radiation directly to the tumor cell. 
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Depending on the particle range of the particular isotope, labels may be 
diosen based on their suitability for targeting a particular type of celL For 
instance, ganuna emitters are generally used for diagnostic purposes, i.e., 
visualizing tumors, but are generally ineffective as Trilling agents. In contrast, 

5 alpha and beta emitters may be used to effect ceUkilling^ Alpha emitters may be 
particularly useful for blood-bom diseases or vascular tumors where they can 
achieve good penetration; although one particle emission in some cases may be 
enough to effect cell killing , typically alpha emitter must be located right at the cdl 
surfece. In contrast, beta emitt^, i.e,, '^Y, are particularly suitable for builder, 

10 more localized disease because they typically have a longer emission range. 

Yttriumr90-labeled antibodies and peptides in particular have shown 
encouraging results in clinical therapy protocols (Thomas et al. 1995. Gamma- 
mterferon administration after ^ radiolabeled antibody therapy: survival and 
hematopoietic toxicity studies. Int. J. Radiat Oncol. Biol. Phys. 31: 529-534; 

15 DeNardo et al. 1995. Yttrium-90/Indhun-lll DOTA peptide diimeric L6: 

pharmacokinetics, dosimetry and initial therapeutic studies in patients widi breast 
cancer.. J. Nucl. Med. 36: 97P). Such conjugates are usually made by coupling a 
bifunctional dielator to the protein or antibody, then conjugating the radiolabel to 
the protein construct via the bifunctional chelator. For instance, copending 

20 applications 08/475,813. 08/475,815 and 08/478,967, herem incorporated by 
reference, describe radiolabeled therapeutic antibodies for the targeting and 
destruction of B cell lymphomas and tumor cells. Particularly disclosed is the 
Y2B8 conjugate, which comprises an anti-human CD20 murine monoclonal 
antibody, 2B8, attached to ^ via a bifunctional chelator, MX-DTPA. 

25 Patents relating to chelators and chelator conjugates are known m the art. 

For instance, U.S. Patent No. 4,831,175 of Gansow is directed to polysubstituted 
diethylenetrianiinepentaacetic add dielators and protein conjugates containing the 
same, and methods for thek preparation. U.S. Patent Nos. 5,099,069, 
5,246,692, 5.286,850, and 5,124,471 of Gansow also relate to polysubstimted 
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DTPA chelators. As desmbed in Kozaketal., several DTPAcAda^ 
including MX-DTPA. have been shown to be suitable for yttrium-monoclonal 
antibody ladioimmunother^ (1989, Nature of the bifimctional chelating agent 
used for radionmmmoflier^y with yttrram-90 monoclonal antibodies: Critical 

5 factors in determining in vivo survival and organ toxicity. Cancer Res. 49: 2639- 
2644). These references are incorporated herein m their entirety. 

Yttrium-90 is particularly suited for radiounmnnothen?)y and radiopeptide 
therq)y for several reasons. The 64 hour half-life of ^ is long enough to aflow 
antibody accumulation by the tumor and, unlike e.g., it is a pure beta emitter 

10 of high energy (E max 2.27 MeV) with no accoinpanymg gamma irradiation m its 
decay. It's particfe emission range is 100 to 1000 cell diamet^, which is a 
sufBdently nmnimal amount of penetrating radiation that 0^ 
would be possible. Furthermore, mtemalization of labeled antibodies is not 
required for cell killmg , and die local emission of ionizing radiation should be 

15 lethal for adjacent tumor cells which might lack the target antigen. 

However, despite the recognized utility of yttrium-labeled antibodies and 
the encouraging clinical results with some yttrhmirlabeled therapeutics, many 
patients are deprived of the benefit tiiese therapeutics might ofier because of the 
inherent difficulties m conducting both the radiolabeling and admmistration at a 

20 smgle location. This significant problem is evident m the nearly conq)lete void of 
kits and products which mable on-site labding of reagents with alpha and beta 
onitting radioisotopes, which might otherwise demonstrate the commercial 
applicability of such technology. 

The problem with providing kits for radiolabeling and subsequent 

25 administration of therapeutics labeled with destructive isotopes ^ears to be the 
long-existing belief in the art that, before such therapeutics could be administered 
to a patient, an extensive purification process was required to remove unbound 
label so as not to axpost the patient to free radioisotope which might accumulate in 
the bone and other non-target organs. Even those kits currently available for 
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labding antibodies with yttrium require a complicated purification step before the 
therapeutic is ready for administration. 

For instance, Antisoma conentty offisrs a kit for radiolabding monoclonal 
antibody HMFGl (Theragyn®) wifli '"Y for subsequent administration to patients 
5 who have been diagnosed with ovarian cancer. An extended phase M study 
demonstrated that this treatment may be particularly beneficial to patients as a 
follow-up to conventional surgery and chemotherapy (Hird et al. 1993. Adjuvant 
ther^y of ovarian cancer with radioactive monodonal antiijody. Br. J. Cancer 68: 
403-406). Yet Antisonn's labeling mefluxi requires removal ofuhbonnd label by 
10 Sqihadex G50 gel filtration, whidi is a significant deterrent to the Theiagyn* 

labelmg lot achievmg conmiercial success, as wefl as an obstade for ensuring that 
this therapy is readily available for all ovarian cancer patients for whom it might 
serve to benefit 

The fict that such reagents currently require column purification before 
15 • admmistration has been and will continne to be a major deterrent in their 
availability to all patients who could benefit fi-om such technology unless a 
sin^lified method is presented that allows physicians to qoiddy, efficientiy and 
safely administer such reagents. For instance, a doctor m an outpatient setting 
does not have the time or fedlities to purify a reagent by HPLC or gel filtration 
20 chromatography before administering die reagent to his patient. This means that 
addMonal facilities must be available on site for concurrent production of the 
reagent and hnmediate deUvery to the doctor, which drastically mcreases die cost 
of the therapy and m some cases might requue a patient to travel a significant 
distance to recdve tiie tiierapy. Ahematively, the drug could be labeled ofi'-site. 
25 which would requhe prior preparation and at least a short-term storage of the 
therapeutic. This not only has the effect of decreasmg the strength of die 
radioisotope through radioactive decay during storage, but also leads to significant 
damage to ths structoral mtegrity of die protem by overracposure to die 
radioisotope. 



wo 00/52031 PCT/USOO/05078 



-5- 

For instance, mai^r reports have discassed the radiolytic nature of ^ and 
similar radioisotopes (Le., Salako et al. 1998. Effects of radiolysis on yttrinm-90- 
labcled Lym-1 antibody preparations. J. Nucl. Med. 39: 667-670; Chakrabarti et ' 
al. 1996. Prevention of radiolysis of monoclonal antibody during labeling. J. Nucl. 

5 Med. 37: 1384-1388). As noted in Chakrabarti et al., radionuclides such as ^ 
deliver a large amount of radiation to the antibody during the labeling process as 
well as during storage. Radiation has reportedly led to instances of significant 
antibody damag e, which can eliminate prefi^ential targeting of tumor cells and 
expose non-target tissues to significant levels of toxicity. 

10 The me ch a nism for radiation damage has been attributed to the generation 

of free radicals (Pizzardlo. 1975. Durect and indirect action, hu Kzzarello and 
Witco&ki, eds. Basic RadiatioTi TOolngy, ed. Philadelphia: Lea & Febger, pp. 
20-29). But as noted in Salako et al. . at an energy of 2.2 MeV, die beta particles 
emitted from '^^Y could easily break most chemical bonds including the disulfide 

15 bridges of an antibody, which have a bond strength of only 4.4 eV (Skoog. 1985. 
Principles nf Tnsti^iTT^fintal ATialysig, 3"^ edition. San Francisco: Saunders). Thus, 
the shorter the amount of time that the protein to be labeled is exposed to 
destrucdve radioisotopes such as the better the chances will be that the protem 
will maintain the structural integrity and binding specificity it requires to interact 

20 wifli the target anligm up until die time it is admmistered and reaches the target 
site. 

The radiolytic nature of*Y has been known in the art for years andmairy 
have tried to solve tiie problem ^ presents hi the commercial application of these 
therapeutics. For uistance, both Salako et al. and Chakrabarti et al. evaluate the 
25 use of radioprotectants in ^-labeled antibody preparations as a means to decrease 
damage to the antibody. Salako et al. in particular reported that human serum 
albumin enabled maintenance of ^-labeled antibody immunoreactivity for up to 
72 hours. However, the specific activity exhibited by Salako's preparations was * 
rather low (less than 2 mCi/ml). Moreover, neitiier Salako nor Chakrabarti report 
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any effort to forego the esaensive purificatioii processes required after antibody 
labeling. Salako et al. labels for a period of 45 minutes to an hour, then purifies 
the antibody by mokcnlar sicsve chromatogn?)hy, whereas Chakrabarti labels for 
nearly three hoars and purifies by gel filtration chromatography. Neither of these 
5 methods win be instrumental m bringing ""y-labded therq)eutics to the out-patient 
setting. 

Chmol and Hnatowich were able to achieve 90% radiochemical purity for 
**Y-labeled protems with spedfic activities ranging from 1-3 mCi/mg absent post- 
labeling purification, using then: own generator-produced '"Y (1987. Generator- 
10 produced ytlriraii-90 for radiohrmmnother^. J. NudL Med. 28(9): 1465-1470). 
However, the authors ejqjressly discourage admmistermg preparations havmg less 

than 95% purily to patients, and suggest fliat HPLC may be an m^rtant and 
"possibly essential" step. 

Those who have recognized tiiat HELC and other types of purification nmst 

15 be eliminated m.tfae outpatioit and hospital setting have not succeeded in 

developing a sufficient labeling protocol for ^ such fliat a high level of labd 

mcorporation is adiieved and an acceptable level of antibody stability is 

mamtained. If a high level of radioincorpoiation is not cqnsistenfly achieved, die 

patient could be exposed to unacceptable levels of free non-bound radiolabel if tins 

20 label is not purified away from tiie reagent. Moreovw, again, if antibody 

structoral mtegrity is damaged such that die antibody loses target specificily, such 

reagents will not bind specifically to tiieir cogoate ligands. 

MalhCT and colleagues set out whh the purpose of labelmg tumor-spedfic 

antibodies witii '''Y m a maimer such tiiat post-labeling purification could be 

25 avoided (1989. Labeling monoclonal antibodies witii yttrnmi-90. Eur. J. Nucl. 

Med. 15: 307-312). However, Matiia: found tiiat high labeling efficiencies (over 

95%) could only be achieved at modest specific activities (1 mCi/mg). Moreover, 

Matiier et al. reports tiiat tiieir antibody preparations showed signs of breaMown 

(due to radiolysis) after only a few hours. This may be because Matiier et al., as 



wo 00/52031 PCT/USOO/05078 



-7- 

do many others in the field, conducted their labeling reaction over a period of one 
hour. 

For exan5>le, there have been mrthods proposed for labeling protein 
reagents with less destructive labels such as "*In which forego additional 
5 purification steps. Richardson et al. propose sudi a procedure for labelmg 
antibodies wife "^In with the goal of faciUtating a kit format for diagnostic use 
(Richardson et al. 1987. Optimization and batch production of DTPA-Iabeled 
antibody kits for routine use in "*In nmnunoscmtography. Nud. Med. Comm, 8: 
347-356). However, the labeling method proposed in Richardson et al. is 

1 0 conducted over a period of one hour, which might be feasible with " ^In which is 
not very radiolytic, but does not appear to be amenable to ^ labeling applications 
as evidenced by die difficulties reported in Mather et al. 

Tliis brings us to the surprising and une}q)ected advantages of the present 
mvention, whidi provides invaluabte msight mto the process of radiolabeling 

15 protems with ^ which has not been yet been recognized by others in the art. 

Surprisingly, the present inventors have found that the processes of HPLC or other 
purification steps that others have long thought to be necessary to achieve pure 
reagent, and the lengthy incubation times which others have adopted in an effort to 
mcrease the specific activity of their reagents , are actually detrimental to die 

20 process ofpreparing ^-labeled reagents. Such tune-inclusive processes serve 
only to iuCTease the damage to the protein due to radiolysis. leadmg to less 
specifidty and an hicreased rate of protem degradation by die time the r^ 
protein is ready for injection. Surprismgly, the present mventors have found that 
efficient labelmg with ^ (>95% mcorporation and at least 15 mCi/mg specific 

25 activity) can be accomplished in as little as two to five minutes , and in feet such 
labeling loses its efficiency as reaction times are increased beyond even eight 
minutes. 

The feet that labeling with ^ may now be achieved by the metiiods of the 
present invention in as litde as two minutes will con5)letely dissolve the current 
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sfcepticism in flie field toward the ^Ucability of yttrinm radiolabeling kits in 
hospital and ontpatient settings. The kits of the present invention will therefor 
finally satisfy the long felt need that has p&fbaps been recognized by many cancer 
patients and doctors alike with regard to the commercial applicability and 
S accessabili^ of protein-based, radiolabeled cancer therapeutics. 

Sunmiary of the bimition 

The present invention concerns m^hods and kits for radiolabeUng a 
chelator-corgngated protein or peptide with a ther^eutic radioisotope fin: 
administration to a patient The methods of the present invention essentially 
10 con^riseQ mixing the chelator-KX)njugated protein or peptide with a solution 

con5)rising the radioisotope or a salt thereof, and (ii) incubating die mixture for a 
sufficient amount of tnne under amiable conditions such that a radiolabeled protein 
or peptide having sufficient purity, i.e., level of radiomcoiporation, specific 
activity and bmding specificity is achieved such that the radiolabeled antibody may 
15 be administered direcfly to the patient without further purification. 

The kits of the present mvaition essentially con5)rise (i) a vial containmg 
chelator-conjugated protem or peptide, Oi) a vial containing formulation buffer for 
stabilizing and administering the radiolabeled antibody to a patient, and (iii) 
instructions for performing the radiolabeling procedure^ such that 
20 when the chelator-conjugated protein or peptide is exposed to die radioisotope or a 
salt thereof for a sufficient amount of time under amiable conditions as 
reconnnended in said instructions, a radiolabeled protein or peptide having 
sufficient purity, specific activity and binding specificity is achieved such that the 
radiolabeled antibody may be diluted to an appropriate concentration in said 
25 formulation buffer and administered direcdy to the patient without further 
purification. 

Brief Description of the Drawings 
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Figure 1. A) SB rells were washed and resuspended to 90 X 10^ cells/mL 
with dilution huf&r (IX PBS. pH 7.4 containing 1% (w/v) bovine serum albumin. 
Increasing concenlrations of cells were incubated for 3 h wifli 2 ng/mL Y2B8 
prepared usmg2B8-MX-DTPA lot #0165A. B) Double-inverse plot of ceU 
concentration vs. bonnd radioactivity/total radioactivity (B/AT). Imniunoreactivity 
was calculated as 1/y-intercept x 100. Lnmunoreactivily and corrdadon 
coefBcient (R) values were 72.2% and 0.999. respectively. 

Detailed Description of tiie Ihyention 

Unless defined otherwise, all technical and scientific terms used herein 
have the same meaning as commonly understood by one of ordinary slHll ia the art 
to which this invention belongs. Although any methods and mateii^is similar or 
equivalent to those described herein can be used m the practice or testing of the 
present invention, the prdferred methods and materials are described. 

The present invention indudes a method for radiolabeUng a chelator- 
conjugated proteiu or peptide with a therq>eutic radioisotope for administration to 
a patient comprising (i) mixmg the chelator-conjugated protein or peptide with a 
solution comprising die radioisotope or a salt diereof , and Qi) incubating the 
mixture for a sufficient amount of time under amiable conditions such that a 
radiolabeled protein or peptide having sufficient purity, i.e., level of 
radioincorporation, specific activity and binding specificity is achieved such that 
the radiolabeled antibody may be administered directiy to the patient witiiout 
further purification. "Further purification** includes HPLC, gel filtration, oflier 
types of column chromatogr^hy and any other separation technique which is 
eQq)loyed wifli the purpose of removmg iBree or bound unconjugated radiolabel. 

The methods of the present invention are particularly applicable to 
therapeutic radioisotopes which are typically radiolytic and therefor potentially 
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dangerous to the Structural integr^ Such therq)eutic radioisotopes 

are generally selected from the group consisting of alpha and beta anitters. 
Preferred tfierspeutic radionuclides include ^Pb, ^"Pb ^"Bi ***Pd **Cu, ^Cu, ^ 
^Br, ^'AU "Ru, ^'^Rh. *^Au and "*Ag or *"La. Other radionucUdes which have 

5 ther^eutic utiUty are described in U.S. Patent 5,541,287, herein incorporated by 
reference. Particularly preferred radionuclides are strong beta radiation emit^ 
which may cause mtramolecular decomposition, such as '^Cu, "^I, ^"^Re and 

Although a "therapeutic" radioisotope generaUy refers to radioisotopes such 
as beta and gamna emitters whicA have a cytotoxic affect, to flie extent that 

10 radioisotopes may also be used for diagnostic purposes, such purposes do not 
remove these isotopes fromfliescopeof the present mvention because it is the 
radiolytic nature of these isotopes which renders them suitable for the disclosed 
methods and kits. 

The methods of the presoit invention may be used to label proteins or 

15 peptides, particularly those where structural integrity must be maintained for targ^ 
specificity. Preferred proteins are antibodies or antibody fragments, such as Fab, 
(Fab)2, and Fv fragments, which recognize tumor specific or tumor-associated 
antigens. Preferred peptides include somatostatm, vasointestmal peptide (VIP), 
substance P and others which bmd to cellular receptors. Such peptides and 

20 chelator-conjugated derivatives of such peptides are disclosed in U.S. Patrat No. 
5,830,431, herein incorporated by reference. 

A •'sufficient mcubalion time" as referenced m the mediods of die mvention 
is the acceptable time range during which sufBcient radiomcorporation and 
radiochraiical purity are achieved such that the reagent may be admmistered 

25 directiy to a patient witiiout the need for further purification. Sufficient 

radioincorporation and purity is generally recognized m the art to be at least 95%, 
but may vary depending on die toxicity of the label. It should also be 2?>parrat to 
those of skill in the art that the extent of radioincorporation considered to be 
sufficient is also a function of the desked level of efficacy. For and 
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particularly the ^-labeled antibodies of the present invention, such sufficient time 
may be generally less than about eight minutes, and more preferably between 
about two to about five minutes , givm an amenable molar ratio of dielator to 
protein in the didator-conjugated protein to be labeled. 

It should be apparent to those of skill in die art that the optimum time 
required for labeling a specific protein may vary depending on the protein, tiie 
particular radiolabel and the particular conjugate en^loyed. An undorlying factor 
in the optimization of the time allotted for radiolabding is the chelator to protein 
ratio of the rea^t which is to be labeled. For mstance, the chelator to protein 
ratio must be high enough to achieve a therapeutically useful level of 
incorporation, i.e., 95%, but must also not be too higih such that the structnral 
integrity or ininiunoreactivity of the protein is compromised. This requires a 
certain balancing process that in some cases may lead to a lower level of 
conjugated chelator and longer labeling time. 

For instance, die present mventors have discovered that labeling with ^ to 
the desirable level of purity may be accon:5)lished in under five minutes using MX- 
DTPA as a chelator and only about a IVi tol molar ratio of chelator to antibody. • 
Although the chelator to antibody ratio could actually be increased, this was not 
necessary because a desirable level of radioincorporation and specific activity was 
achieved after a short labeling period. Given this discovery, parameters such as 
chelator to protein concentrations could be readily determined by empirical means 
by those of skill in the art for other proteins and peptides, depending on the 
tiierapeutic label of choice, die choice of chelator the number of sites available for 
dielator attachment, susceptibility of the protem to radiolysis, desired level of 
efficacy, etc. 

Any bifunctional chelator may be used in the method of the present 
invention so long as it is capable of binding to both the protein and radioisotope of 
interest. Preferred chelators may be selected from the group consisting of MX- 
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DTPA, phenyl-DTPA. benzyl-DTPA, CHX-DTPA, DOTA and derivatives 

fliereof. A pardcularly preferred chelator is MX-DTPA. 

Amiable conditions'* as referenced in the presrat methods include 

accq)table tenq)eratnre, pH and buff^ conditions. It should be parent to those 
5 of skill in the art that reaction conditions should not be chosen that are mhibitory 

or otherwise not conducive to die labelmg reaction, Lewis et al. discusses reaction 

conditions to be considered when radioIabeUng nnmnnocoiyugates, and is herein 

incorporated by reference (1994. A fecile, water-soluble niefliod for modification 

ofprotems with DOTA. Use of elevated ten5)erature and optimized pH to achieve 
10 high specific actilvity and high chelate stability in radiolabded hmnunoconjugates . 

Bioconjugate Caiem. 5: 565-576). 

An acceptable tenqyeralure for the reaction may vary depending on the 

protem to be labded, but in general ranges from about 25°C to about 43**C. 

Lewis et al. have found that increasing the temperature of the radiolabeling 
15 reaction from 25 °C to 43 faicreased both tte efficiency of radiometal 

incorporation and die kinetic stability of the DOTA radioconjugates examined. 

An acceptable pH may vary considerably depending on the radiolabel to be 

used. The recommended pH for labelmg whh different radionuclides is generally 

known in die art and may be chosen accordingly in view of die radioisotope. For 
20 instance, for ^ , an acceptable pH may range from about 3 to about 6, but is more 

preferably about 4.2. 

Acceptable buffers will also vary dependmg on the particular radiolabel. 

For instance, Lewis et al. and others have found that die presence of citrate 

mhibits labeling reactions wifli Thus, citrate buffer would not be ^ropriate 
25 if the were die chosen radiolabel. When labeling witii die preferred buffer 

is an acetate buffer, and more particularly a sodium acetate buffer at a 

concentration of between about 10 and about 1000 mM. 

If it does aot inhibit or otherwise adversely affect flxe hibelmg reaction, it 

may also be possible for a benign (non-adverse) radioprotectant to be included m 
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the reaction buffer, Acrording to Oialmbarti, ascorbic 
radioprotectant which does not interfere wifli the labeling process. Caution should 
be exercised, however, when employing human serum albumin in the labeling 
reaction due to the presence of metals which would mterfere with the labelmg 
5 process. 

Because the present mvention concans radiolabelmg protems wilJi 
particularly radiolytic isotopes, there may be a certam balance between binding 
specificity and specific activity that the skilled artisan may encounter when 
practicing the mefliods of tiie present urvaition. For instance, when specific 

10 activity is very high (Le., suitably over 5 mCi/mg. preferably over 10 mCi/mg and 
more preferably over 15 mCi/mg), a protem constract havmg the desired bindmg 
specificity will have a significant killmg capability at tiie region of the ttimor. 
However, the portion of proteuis in the population as a whole which retain their 
hnmunoreactivity may be lower than a population havmg a lower specific activity 

15 due to radiolysis of the radiolabel. Dependmg on the desired level of specific 
activity, the skilled artisan may choose to conq}romise a certain level of 
immunoreactivity. 

For instance, the presrat inventors have found that ^ with when an 
antibody is labeled to a specific activity of about 15 mCi/mg, the bmdmg 

20 specificity or hnmunoreactivity of the protem is generally at least about 70% . 
This of course may vary dependmg on the sensitivity of tiie antibody and the 
radioljrtic nature of the radbisotope employed, and may be manipulated by the 
skilled artisan if a higher level of immunoreactivity or specific activity is desired. 
The present mventors have achieved specific activities with ^ of up to about 20 

25 mCi/mg. Binding specificities of at least 50% are desirable for tiierapeutic 
applications. 

Copending applications 09/ and 09/ , co-owned and 

submitted concunentiy herewith, disclose bindmg assays which may be used to 
assess the percent bmding afBnity and hnmunoreactivity of conjugates after 
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10 



15 



20 



25 



labeling if desirable, ft shouM be stressed diat, allhou^ no further purifi^ 
leqoired after Ihe labeling methods of the present invention, a TLC-based assay to 
verify the level of radiomcorporation should always be performed so as not to 
jeopardize die health of the patient. Such an assay can be performed in about 3^ 
minutes, and should not significantly affect die stability or efiBcacy of flie 
radiodierq)eatic. 

The present invention also mctades kits for radioIabeBng a (Adator- 
coigugatBd protem or peptide wiiii a dierapeotic radioisotope for administration to 
a patient conqaising © a vialcontaining chelator-conjngaled protein or peptide, 

(ii) a vial contaiimig forrauladon buffer for stabilizing and administering die 
radiolabeled antibody to a patient, and (iii) instructions for performmg die 
radiolabding procednre. sudi diat when the chelator-conjugated protem or peptide 
is exposed to tiie radioisotope or a salt fliereof for a sufficient amount of time 
under amiable conditions as recommended in said mstructions and described 
forther above, a radiolabeled protein or peptide having sufficient purity, specific 
activity and binding specificity is achieved such diat die radiolabeled antibody may 
be diluted to an ^jpropriate concentration in said formulation buffer and 
administtroidirecfly to die patient widuratftoher purification. Saidchebtor- 
coqugated protein or peptide may be sqjplied m lyophilized form. 

It should be understood tiiat die kits of die present invent are designed to 
acconqjlish die metiiods described herem and may dierefor be used for diat 
purpose. Accordmgly, it should be apparent to tiiose concerned when reading die 
mvention diat die kit mstructions will be based on die mediods described above, 
and diat die considerations addressed above have die same relevance and meaning 
when considered m view of die kit embodanenL Additionally, it should be 
^jparent upon reading die disclosure as a whole diat alternative kit embodhnents 
are enconqassed m tiie present invention which may contain components such as 
an acetate buffer for adjusting die pH of die radiolabel as described above. 
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A particularly advantageous coBopownt of the kit is the fbrnmlation buffia:' 
for stabilizing against the effects of radiolysis and administering the radiolabeled 
conjugated antibody to a patient. The fonmilation buffer is a phannacentically 
acceptable carrier which serves as both a dUuent for fee labeled antibody and an 
5 administration buffer. Although any pharmaceatically acceptable dihient may be 
used for administering ther^eotic or diagnostic antibodies to patient, the 
formnlation boffer of flie present invention is particularly suited for administering 
radiolabded antibodies. 

For mstance, the fomnilation buffer of the present mvention conqaises a 
10 radioprotectantsoiA as human seruni albumin (HSA) or ascorbatB,w^ 

radiolysis due to yttrimn and oflier strong radfonndides. Other radioprotectants 
are known m flie art and could also be used m die formnlation buffer of the present 
mvention. i.e.,-ftee radical scavengers phenol, sulfites, glutathione, cysteme, 
gentisic acid, nicotinic acid, ascorbyl pahnitate, H0P(:O)H2, glycerol, sodram 
15 formaldehyde sulfoxylate, NajSjOs, NajSjOj. and SOj, etc.). 

The formulation buffer of die presort invention also con^irises excess 
unconjugated chdaior. The purpose for mctadmg unconjugated chelator is that 
this chelator serves to scavenge any non-protem bound radiolabel in the patient, 
and causes excretion of the radiolabel thereby redndng uptake of "bone-seeking" 
20 isotopes. i.e.,»Y, by the bones of the patient For mstance, when the antibody of 
the kit is conjugated to a DTPA chelator, excess DTPA or any other chelator may 
be niclnded m the formulation buffer. The formation buffer is also preferably 
siqjpUed in a volume such tiut die entire contents are transferred to the reaction 
vial. As discussed above, this results in increased ease of use and reproducibility 
25 because exact volumes do not have to be measured and transferred. 

A preferred formulation buffin conqnises phosphate buffered or 
physiological salme, human serum albumin and DTPA. The human serum 
albumin is preferably at a concentration of between about 5 to 25% (w/v), and 
more preferably at a concenttation of about 7.5% (w/v). The concentration of 
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DTPA is preferably about 1 mM. AscoAate may be used as an alternative to 
human serum albumin, and is typically used at a concenficadon of about 1 to 100 
mg/ml. AWiough a wider range of conceoliaikffls may be used witho^ 
c omp t um ising patient safeQr. 

5 Jot ™ay be siqjpKed in other alternative embodiments depending on the 

preferences of the purchaser. For mstance. the kit may fimher conq)rise a sterile 
reaction vial m which the labeling reaction and dilution into formulation bufer 
may bodi be performed. Fordier embodiments are envisioned wherdiy the buffer 
for adjustmg the pH of the radiolabel is supplied m the actual reaction vial to cut 

10 downonwaste. Also envisioned are kits which further comprise a vial of 

radioisotope, ahhoBgh it m^ be more feasible to order the labelmg kit m advance 
and order the radioisotope sqarately at a later time just before admim« 
Also envisioned are kits wlach. compose a vial of secondary protem or peptide to 
serve as either a control m assessmg the Wndmg afiBnity of the radiolabeled 

15 prodnct, or m some cases to be enq)lDyed in a combined therapeutic regimen wifli 
the radiolabeled protem or pqptide. 

Detailed Descriptioii of the Preferred Embodiments 

A '^-labeled murine monoclonal anti-CD20 antibody (Y2B8) is currently 
bemg evaluated m cUnical trials for the treatment of rela^jsed B-cell lynqihoma. 

20 The 2B8 antibody is a murine antibody v*ich recognizes human CD20. The 

chnneric version of this antibody (EUtnxan*) has recently recaved FDA sqjproval 
for the treatmoit of non-Hodgkm's lynqjhoma. U.S. Application Serial No. 
08/475,813, herein incorporated by reference, discloses sequential admmistration 
of Rhmcan* with yttrram-labeled murine monoclonal antibody in a combmed 

25 flierapeotic regimen, wherem administration of the yttrium-labeled anti-CP20 
antibody followmg administration of Rituxan® is sufficient to (a) clear any 
remaimng penpberal blood B cells not cleared by the chimeric anti-CD20 
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antibody; (b) begin B cdl depletion from l^mph nodes; or (c) begin B cell 
depletion from other tissues. 

Thus, givm flie proven efBcacy of an anti-CD20 antibody in the treatment 
of non-Hodgkia's lyn^homa, and the known sensitivity of lymphocytes to 

5 radioactivity, it would be highly advantageous for such therapeutic antibodies to 
become commercially available in Idt form whereby they may be readily modified' 
witii a radiolabel and administered directly to the patient in the clinical setting . 

A radiolabeling kit for the 2B8 antibody is preferably comprised of four 
conq)onents: 1 .) ZB8-MX-DTPA in tow-metal normal saline at 2 mg/mL, 2.) 50 

10 mM sodium acetat e used to adjust radioisotope solution to q^propriate labeling pH, 
3.) fommlation hofBa: (DC FBS, pH 7.4 containing 7.5% human seium albumin 
and 1 mM DTPA), and optionally, 4.) an empty 10 mL glass vial (reaction 
vial)(a "10 mL* reaction vial actually holds 10 mL comfortably, and is technically 
somewhat larger flian "10 mL"). All components are tested to be sterile and 

15 pyrogen-free. 

This section summarizes the validation of this radiolabeling kit which is 
simple and easy to use and whicdi yields radiolabeled antibodies with ^95 % 
radioincorporation and acceptable retration of binding to antigen-positive cells. 
An evaluation of experimental parameters affecting binding and radioincorporation 

20 was also conducted. 

Example 1. RadioIabdBng Kit and M^hod for Labeling 2B8 with ^ 

A. Reagents in Radiolabeling K\t 

1. 2B8-MX-DTPA, IDEC; Lot# 082395RM2 

2, 50 mM Sodium Acetate, low-metal, IDEC; Lot^ 082395RM3 

25 3 . Formulation Buffer (IX PBS, pH 7.4 containing 7.5 % (w/v) human serum 
albumin and 1 mM DTPA), IDEC, Lot# 082395RM1 
4. Reaction vial, 10 mL, IDEC 
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MatBTifllff ani Egnipinent 

BiodexTeo-Control BadioincoiporationKit, Cat.#151-770 
Gloves: powder-free 
Sterile polypropylene syringes 
Sterile syringe needles 
Small tubes widi dosme; 1.5 ml 

Methods 

1- Preparation of Y2BS Tfaing p»^^^i^h,|^^p ^i^;^ 

Kit reagents were prepared and filled into glass sq)tnm vials. Type I 
10 borosilicate vials or 10 mL) were rinsed wifli sterile water for injection (W^ 
and autodaved before filling. Butyl robber septa were rinsed with sterile WH and 
antodaved brfare use. Reagojts were manually fined and cxiniped in a Class 100 
room and tested for pyrogenioty and sterility using USP mefliods. 

Additional Reagents: 
15 1, Yttrium-pO]: chloride salt, carrier-fiee, in HCl. 

Precautions: 

1. All st^ should be performed using asqitic technique. 

2. Radiolabding kit conponenls should be allowed to come to room 
tenqieratore before use. 

20 Radiolabeling protocol 

1. The volume of '''YClj to add to the reaction vial was calculated as follows: 



B. 
1. 
2. 
3. 

5 4. 
5. 

C. 



a. 



The radioactivity concentration at the time of radiolabeling: 
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Qo = Radioactivity concentration at time of calibration (see 
manufacturer's Certificate of Analysis). 

At = Change in time (positive number is post calibration, negative 
number is pre calibration). 

5 RadioactiviQ^ Concentratioii at time of labeling == 

e0.0108(At) 

b. TTie volume of ^Clj to add to the reaction vial: 

^5 mCj ^ s= Volume added to reaction vial 

10 Radioactivity Concentration 

time of labeling 

2. The volume of 50 mM sodium achate to add to the reaction vial was 
calculated as follows: 

a. For ^Cla in 0.040 M HCL (Amersham): 

15 Volume ^Cl^ (Step lb) x (0.8) = volume of sodium acetate to add 

b. For ^Cl3 in 0.050 M Ha(Nordion): 

Volume ^Clg (Step lb) x (LO) = volume of sodium acetate to add 



3. The septa of the reaction vial and die sodium arj^fy^tft vial were wq)cd with 
alcohol. Using a Icc syringe, tfie calculated volume (Step la or lb) of 50 mM 

20 sodium acetate (Stq) 2) was transferred to the reaction vial. The vial was mixed 
by invertmg several times. 

4. Hieseptumoftiie^^CljSourcevialwas wiped with alcohol. The vial 
with a needle fitted willi sterile 0.2 /lcox filter. Using a Icc sterile syringe, was 
vented die required volume (Step lb) of ^Cl^ was transferred to flie reaction vial. 

25 The vial was nuxed by inverting several times. 
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5. The septum ofiheZBSrMX-DTPAvM was wq>ed with al(»h^ Using a 
3cc sterile syringe, 1.5 mL of 2B8-MX-DTPA was transferred to the reaction vial. 
The vial was mixed by inverting several times. 

6. The total vohmie of reaction mixtnre was calculated by adding the amount 
5 of Y-90 chloride added (Step 4), plus die amount of 50 mM sodium acetate added ' 

(Step 3), phis the anunmt of 2B8-MX-DTPA added (Step 5). 

7. The vohnne of Fommladon Buffer to add to the Reaction Vial to obtam a 
final vohmie of 10 mL was calculated by snbtractmg thetotal reaction vohnne 
calculated in step 6 from 10. 

8. The Foixnnlation Buffer vial was wiped with alcohol and fliB vial was 
vented. Due to the viscoshy of the Fotmnlatidn Buffer, the reaction vial using a 
needle fitted wifh a 0.20 /an syringe filter. Usmg a lOcc sterile syringe fitted with 
an appropriate gauge needle, ihe volume of Foimnlation Buffer calculated in Step 

7 was transferred to the reaction vial. The vent needle was removed ftom the 
reaction vial and die vial was mixed by myerting sevwal tunes (Final Product). 
The vial was mcubated at least 5 mmntes prior to domg the "Radiohicorporation 
Assay". The color of tiie sohition was amber and die reaction vial was fell thereby 
confinmng tiiat Focmulation BofEa was added. 

9. The total radioactivity of die Fmal Product vial was measured using the 
20 appropriate instrumentation set for measurement of *Y. 

10. The Final Product was immediately stored at 2° - S^C until required for 
patient administration. 

2. Radioincorp oTation Assay 



10 



15 
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Perccnt radioincoipoiatbii was detennined by instant thin-layer 
chronDBtography (TTLC) using tiie Biodex Tec-Control Radiochromatogr^hic Kit • 
according to the following protocol: 

Additional Materials and Equipment: 
5 1. '*Y-radioIabeled2B8-MX-DTPA 

2. Tubes for counting radioactive TLC strq>s 

3. Scissors 

4. Sterile syringe, 1 cc 

5. Sterile needles, 26G 

10 6. Ganuna counter or scintillation counter 
7. Pip^r 

Procedure: 

1. The entire Biodex Operation Manual should be read first. 

2. Each radiolabeled sample in triplicate was tested according to kit 
15 instructions; one strip pCT vial was developed. 

3. To spot the radiolabeled sample on the chromatography strip, a pq)ettor 
was used to spot 1 fil on the origm line. Alteroativdy, one small drop dispensed 
from a 26G needle a t ta che d to a sterile 1 cc syringe may be spotted. The antibody 
remains at flie origm, and unincoiporated '^-DTPA moves with the solvent front 

20 4. Eadi section was counted for activity using an appropriate counter, Le., a 
scintillation counter for adjusting for background. 
5. The Biodex instructions for calculating the percentage of radiolabeled 
antibody were followed. 

.3. Bindm^ Assay 
25 Additional Reagents 

1. ^2B8-MX-DTPA 
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2. Lyopbilizedcdls- 

The human cdl lines SB (CD2(>-positive) and HSB (CD20-negative) were 
obtained ftom American Type Culture CoQection and cultnred in T-flasks using 
RPMI-1640 containing 10% fetal bovine serum supplemented willi 2% glutamine. 
5 CulmreswerexnaintainedatST-CandSSSCO^. Cells were typically spBt 1:2 
every other day and harvested at 0.5-2.5 x 10* cdls/mL and viability's > 80%. 
CeU concCTtrations were determined using ahemaqrtraneter and viability 
determined by trypan blue exdnsion. 

Cdls were harvested at ambient tenqwratore at a cdl dmsity of 0.5-2 X 10* 
10 oUs/mL by centcifiigation (1300 ipmm a SorvaH centrifuge) and washed tw^ 
wilhlXHBSS. Pelleted cells were resuspended to 50 X 10* cells/mL mix HESS 
contaming 1% (w/v) bovine serum albnmiii (BSA) and 10% (w/v/) mannitol 
(lyophilization buffe), 0.5 mL dispensed into 1.5 mL polypropylene microfiige 
tubes with o-ring gaskets and stored at - WC, and lyophilized overnight at 30 - 60 
15 millitorr. Tubes of lyophilized cells were stored desiccated at 2 - 8" C and 

reconstituted in sterile water for assays; mbes of cells lyophilized in microfuge 
tubes were stored with desiccant. 

3. Sterile water for krigation or sterile wat« for injection 

4. Dihition bufBsr (IX PBS, pH 7.2 - 7.4 containmg 1 % Bovine Serum 
20 Albiumn (BSA). and 0.02% Sodmm Adde) 

Procedure: 

Radiolabeled antibocfy sanq)le prep 

1. The radiolabded antibody stored at 2° - 8''C was obtained. 

2. A volume of 10 was withdrawn with a P20 and added to a 1.5 mL 

25 noiorofuge tube containing 990 AiLofDilutionbufBer (1:100 dihition). The 

tip was rinsed and the tube was vortexed sli g htl y 

3 . A 50 mL sterile polypropylene tube with cap was obtamed and 10 mL of 
Dilution buffer to the tabe, usmg a 10 mL serological pipette. 
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4. Avolumeof 35;^L was withdrawn with a P200 from the 1:100 dilation 
tobe and added to the conical tabe containing 10 mL of Dilution bujKer. 
Mix &oroughly. 

Lyophilized Cell Ptep 
5 I . Three tabes of lyophilized SB Cells were obtained. 

2. A volmne of 0.5 mL of SWH was added to each tobe, and the tubes were • 
vortexed unttt single cell suspensions were obtained. 

3. Three en^rty 1.5 mLmicrofugetiibes were obtained; to three o 

0.5 mL of Dilution buffo was added, representing a control with no cells. 
10 Assay Protocol 

1 . A volume of 0. 5 mL of flie dfluted ''^S-MX-DTPA was added to each 
tube. 

2 . The tubes were placed on md over mixer for 45 minutes , after TnaHng sure 
caps are secorely tightened. 

15 3. After 45 minutes incubation at ambient toiqjerature, the cells were pelleted 
by microcentrifiigation for 5 minntes. 

4. A volume of 0.8 mL of the supernatant was transferred to sdntiUation 
vials. 

5. Scintillation cocktail was added to each vial. 
The amount of radioactivity m each vial was determmed usmg a 
s cintillatio n counter, adjusting for background. 



20 6. 



D. Results 

Reproducibility and ruggedness of ttie radiolabeling protocols, for Y2B8 
was evaluated by performing several validation runs usmg different lots of each 
25 radioisotope. Six vaUdation lots each of Y2B8 were prepared by five operators. 
These lots were designated as follows and performed at the foUowmg facilities: 
#1: EDEC Pharmaceuticals 
#2: IDEC Pharmaceuticals 
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IDEC Fliaimaceaticals 
MD Andosoa Healdi Center 
Mayo Ginic 
City of Hope 

5 The results of testing on eadi validation lot are summarized in Table 1. 
Table 1. Rdease Assay Results for Y2B8 Validation. 



#3: 
#4; 
#5; 
#6: 



10 



15 



1 



% ttaHin^n':qrporatinn 



99.5 

2 99.3 

3 99.4 

4 99.2 

5 99.2 

6 96.3 

Mean = 98.8 Mean = 82.3 

Standard Deviation =1.24 
% CV = 1.25% 



% Pmding 

78.6 
87.0 
85.9 
81.8 

79.6 
80.8 

Standard Deviaticm - 3.4 
CV = 4.2% 



For tbs six va lid a tio n lots prq>ared, fte percent binding obtained was in the 
rangedftom78.6% to 87.0%. withameanof 82.3%. Radioincorporation values 
for Y2B8 averaged 98.8% (range of 96.3 % to 99.5%). Together, these results 
confirm the rq)roducibility and ruggedness of the radiolabeling kit methods for 
preparation of Y2B8, and together indicate tiiat Y2B8 prepared using this 
radiolabeling kit are suitable for use in flie clinical setting. 

Exa0q)le 2. Initial Evaluation f the Reaction Parameters - pH and reaction 
time 
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Ejnedc studies were initially perfiBrmed to evaluate the radioincoiporation and 
binding of the *Y-labeled antibody (Y2B8) fbflowing labeling reactions perfonned 
nnder varying conditions of pH and reaction time. For radiolabeling reactions in 
Ae range of pH 3.9 to 4.7 at an incubation time of 5 min, radioincorporation was 
>96% with > 80% retention of binding to CD2(H)ositive cells (Table 2). Similar 
results were obtained for incubation times of 3, 5, and 10 min for the range of pH 
2.9 to 4.6 (Table 3). 

Table 2. Y2B8 Radiolabdmg Kmetics: Effect of pH on Radioincorporatioii 
andBindii^toCDZO-PoativeCeDs^ 



RWCtlQIl l pH Radioingnrp oration (%) Binding (% ) 



3.9 98.4 80.7 

4-2 97.8 81.0 

4.4 96.1 80.0 

4.6 97.0 80.2 

15 4.7 97.4 80.6 



Table 3. Y2B8 Radiolabeling ESnetics: Effect of IncubatUm Time on 
Radioincorporation and Bindii^ to CD204>ositive Cells^ 



Jtocnbafion Time finin) Radioiiiconior ation (%\ BinHiny f%> 

PH3.9: 3 97.0 82.0 

20 5 98.9 82.1 

10 99.2 82.3 



pH4.7: 



3 
5 
10 



97.2 
96.7 
97.6 



82.5 
81.8 
81.5 
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* The labeling iraction resBlts and paramrter evaluation stu^ 
Tables 2 and 3 were perfbnned wifli 2B8 derived from a CHO ceU ejqjression 
system; The MX-DTPA conjugate was prepared nsmg a protocol similar to that 
used for the previously characterized 2B8^9. Reactions were performed using 
approxunately 3 xng of antibody and a4:l molar ratio of chelator to antibody as 

described m co-owned, copending Application Serial No. 09/ , concurrently 

filed and hexein incorporated by reference. 

Ininnmoreactivities for Y2B8 preparations were detennined usmg the 
method of Lmdnio et al. Increasing amounts of freshly harvested CD20-positive 
SB cdls were mcobated willi a fixed aaioimt of Y2B8 mider conditions of antigen 
excess. Redprocal plot analysis of die binding data showed an immonoreactivity 
of 72.2% for Y2B8 following one trial preparation (Figure I). 



Examples. EvalnatioD of fbrther reaction parameters 

IS I. Introdnctinn 

E^oiments desoibed in tiiis section examine the inqnct of protocol 
deviations on die bindng of Y2B8 prepared using the Y2B8 Sadiolabeling Kit 
Bmdmg of a radiolabeled antibody may be affected by several parameters during 
tiie radiolabding process (Table 4). 



20 



Table 4 



Radiolabeling Eit Deviation 


Predicted Effect on 
Labeling Conditions 


Predicted 
Effect on 
Binding 


1.) Adding Excess Votame of ^ 


decrease pH; 
increase radiolysis 


decrease 


2.) Adding Less Volume of ^ 


ao change in pH; 
decrease radiolysis 


increase or 
none 
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5 



3.) Adding Excess Volume of NaAc 


no diange inpH; 
decrease radiolysis 


increase or 
none 


4,) Adding Less Volume of NaAc 


decrease pH; 
increase radiolysis 


decrease . 


5.) Adding Excess Volume of 2BS- 
MX-DTPA 


no diange in pH; 
decrease radiolysis 
Cower specific 
activity) 


increase 


6.) Adding Less Volume of 2B8-MX- 
DTPA 


no change in pH; 
increase radiolysis 
(higher specific 
activity) 


decrease 


7.) Incubating >5min. 


increase radiolysis 


decrease 


8.) Incubating <Smin. 


decrease radiolysis 


inaeaseor 

none 



The following deviations from the radiolabeling protocol were identified as 
10 those most likely to have a negative impact on bindmg, and included: 1.) addition 
of a lesser volume of sodhnn acetate 2.) addition of excess "Y cWoride solution 
3.) addition of a lesser volume of 2B8-MX DTPA and 4.) exceeding the maximum 
reaction incobation time. Hie impact of these deviations was evaluated separately 
and simultaneously. 

15 When evaluated separately, 20% vohime deviations m items 1 - 3 above 

resulted in IDEC-Y2B8 passing die release specification established for binding m 
the clinical trial, even when incubated for 8 mm. Li a study where all three 
vohme deviations (1 - 3 above) were made sunultaneously, only doses prepared 
usmg a Monday labelmg protocol (potentially the most radiolytic) and incubated 

20 for 8 min. (60% longer than normal) were marginally below ( <3 %) the clinical 
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lelease spedficalion. In contrast, doses prepared using a Friday labeling protocol 
maintained acce^Ie binding results, despite die cnnmlative effects of deviations 
in an four parameters (1-4 above). For an deviations, separately and 

coUectivdy. radioincorporation was above the clinical release specification of 
5 95%. 

n. Choice of ParflTHP^p^ 

We decided that a 20% deviation firan tbe required reagent volumes, or 
aflowing the reaction time to exceed by 30 % ±c maxinnnn 6 min. used normaUy , 
rqiresented potentiaUy extreme deviations from die protocol used in flie 

10 radiophannacy. Indus study we evaluate the impact of diese deviations on flie 
binding of IDEC-Y2B8. We simulated -Monday- and "Friday- labelings to 
msure that die conditions evaluated represented extiranes of dose preparation for 
die entire week. We also evaluated die combined effect on binding when aU 
deviations occur in a single dose prq)aration, and die impact of diese deviations oi 

15 radioincotporation of the **Y. 

"Monday" and "Friday" labelings are a reflection of die concept diat, since 
the *Y chloride sohition has a short half-life (64 hr), die votame of die 
radioisotope used depends on die day of die week a dose is prepared. For diis 
reason, die reaction volume far a dose prepared on a Monday is smaller, resulting 

20 in higher a "Y concentration, possibly resulting in greater radiolysis. Therefore, 
we simulated Monday and Friday labelmg procedures to insure diat die conditions 
evaluated rq>resented extremes of dose preparation for die entire week. 

Materials and Mef^^n^^f; 

'^Clj m 0.05 M HCL; Pacific Northwest National Laboratory, reagent 
grade; P.0.# 08016, 08118 
Ultrex HCX; J.T. Baker, Pioduct# 6900, Loi# J22539 



m. 

A. 

25 1. 
2. 
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3. Sterile Water for Irrigation; Baxter, Partf 2F7114, Lotf G924092 

4. Dilution BufBsr; contains 10 mM phosphate buffered saline, pH 7.4, 1 % 
BSA; Sigma, Part# P-3688, Lot# 076H8913 

5. IDEC Supplied Radiolabeling Kit; IDEC Part# 130018, Lot# 0129. 
coutainiiig the following: 

a. ) 2B8-MX-DTPA; IDEC Parl# 129017, Lot# 0165 

b. ) 50 mM Sodium Achate; IDEC Pait# 121017, Lot# 0209A 

c. ) Fomnilation Buffer; IDEC Parts? 120015, Lol# 0202 

d. ) Reaction Vial; IDEC Part# 122015, Lot* 0218 
Lyophilized SB Cells, IDEC Parl# 127, Lotf 127-OOlF 



15 4 



20 9 



B. Materials smA TT^^pynfflt 

1. P^ettors QO, 200 and 1000 gL) 

2. Vortexw 

3. Metal-Fcee P^tte Tq)s (Biorad; metal-ftee) 
Gamma Counter (Isodata, Model* 20-10) 

5. Glass Tubes (12 X 75 mm) 

6. Polypropylene Tubes (Costar; 15 mL and 50 mL conical, sterile) 

7. Tec-Control Radiochromatogr^hic Kit (Biodex; Ca«# 151-770) 

8. Microcmtrifiige (Savant) 
Polypropylene microfoge tubes, metal-ftee (Biorad; Cafijf 223-9480) 



C. Mslibosk 

1. Preparation of Y1R« 

In general, *Y-labeled 2B8-MX-DTPA was prepared using a small-scale 
version of the radiolabeling kit protocol described above as modified by the 
changes described below. Radiolabeling was performed using ^ chloride stock 
concentrations of 84 mCi/mL or 29.8 mCi/mL to simulate, respectively, Monday 
or Friday dose preparations (based on a Wednesday calibration of 50 mCi/mL). 
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The concoitrated **Y cWoride solutum was dihited using 50 mM HCl (Uhrex, 
high-pnriiy) in plastic "metal-free" microftge tubes. The UBrex (high-purity) HQ 
was dihited to 50 mM Willi Sterile Water Irrigation (SWFI). Radiolabeling 
reactions were perfiraned in plastic "metalfree" microfuge tubes, 15 mL conical 

5 tubes, or 10 mL glass sqrtum Reaction Vial provided in the Y2B8 Radiolabeling 



^- .Small-Scale Labelinp tn Predict Pnn-Sri de Dose Pw-pgratiniis 
Radiolabeling reactions of 1, 3. 10. and 40 mCi were performed usmg 
reaction condition simolating a Monday dose preparation. Reagent volumes in 
10 mLs for eadi reaction axe summarized in Table 5. 

Table 5. Vohime of Reagents (mL) 

*Y Amount (mCi) '"Y Chloride Sodnnn Acetate 2B8-MS-DTPA 
1 0.0119 0.0143 0.0333 
3 0.0357 0.0429 0.0998 
15 10 0.119 0.143 0.333 
40 .0.476 0.571 1.33 



After a 5 min. incubation, 20 /iL samples were removed and diluted with 
Formulation buffer to a final antibody concentration of 0.21 mgAnL and stored at 
2-8° C until assayed. Binding values were normalized to the 1 mCi reaction 
because 1 mCi reactions were used as controls in all subsequent e:q)eriinents 
described in diis report. Values reported were normalized to the I mCi control 
sanq)le by dividing the binding value for each reaction by flie bindmg value for flie 
control, o^ressed as a percentage. 



20 
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b. Impact of Adding Vnliimi> nf ^odimn A«»h.t.» 

For a Monday Isibeling. 10 mCi of «Y diloride (0.119 mL) was mixed with 
0.114 mL of 50 mM sodinm acetate. This volume of 50 mM sodimn acetate 
represents a 20% decrease in the amount of bnfier nonnally used to prq)are 
5 clinical doses of IDEC-Y2B8. Conjugated antibody (2B8-MX-DTPA) was added 
(0.333 mL), the sanq)le mixed and then mcobated at ambient teniperatm«. 
Specific activity of the ladiolabeling sohition was 18.9 mCi/mg antibody. At 2 
mm., 0.020 mL was removed, fimnnkted to 0.24 mg/mL with fbnnnlation bufier, 
and stored at 2-8° C. The remainder of the radiolabdmg solution was formulated, 

10 after 8 mitt., to 0.24 mg^ and stored at 2^»c! The protocol was rqjeated to 
shnnlaie a Friday labdmg, usmg 0.336 mL of «»Y chloride, 0.323 mL of sodium 
acetate, and 0.333 mL of 2B8-MX-DTPA. For both studies, the 1 mCi control 
reaction was perfonned using die "standard" conditions described above (5 mm. 
reaction). 

15 C. Impact of Adding Evcess Vnh nne of «>Y HilnriH^ 

For a Monday labeling. 12 mCi of »vr chloride (0. 143 mL) mixed widi 
0.143 mL of 50 mM sodium acetate. This votame of *Y represents a 20% 
increase in the amount of required far a typical dose preparation of Y2B8. 
Conjugated antibody was added and the sample sohition mixed and mcobated at 

20 ambient tenqiCTatnre. The final spedfic activity was 22.5 mCi/mg antibocty. At2 
mm., 0.020 mL was removed, formulated to 0.24 mg/mL with formulation buffer, 
and stored at 2-8' C. After 8 min., the remainder of die radiolabeling solution was 
formulated to 0.24 mg/mL and stored at 2-8" C. Friday labeling was performed 
similarly using 0.403 mL of '°Y chloride, 0.403 mL of 50 mM sodium acetate, 

25 and 0.333 mLof2B8-MX-DTPA(specificactivity 22.5 mCi/mg antibody). For 
both studies, a 1 mCi control reaction was perfomied using the "standard" 
conditions described above (5 min reaction). 
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d. Impact of Adding T^s Volnme nf ^ ntibodv rxm pniptt* 

For a Monday labeling, 10 mCi of '"Y chloride (0.119 mL) was mixed with 
0. 143 mL 50 mM sodium acetate. Conjugated antibody (0^67 mL) was added, 
representing 20% less antibody than nonnally used, tiie solution mixed and 

5 incubaued at ambient tenqjeratore. At 2 and 8 min., 0.020 mL was nanoved, 
fisnnnlated wiflx Formulation buffer to a final antibody concentration of 0.21 
mg/mL, and stored at 2-8° C until ass^ed. A Friday labeling was performed 
shnilarly using 0.336 mL «»Y chloride, 0.403 mL of 50 mM sodium acetate, and 
0.27 mL corgugate. For both studies, a 1 mCi control reaction was performed 

10 usmg the "standard" conditions described above (5 min. reaction). 

e. Impact of Combined Rftap ent Deviarinng 

The in5>act of a 20% deviation in volnme of sodium achate, *Y chloride, 
and conjugate was assessed simultaneously for a Monday or a Friday labelmg 
protocol. For a Monday labelmg, 12 mCi of ^ (0.143 mL) was mixed with 
15 0.114 mL 50 mM sodhnn acetate, r^esenting a 20% mcrease in the amount of 

"Y ddoride and a 20% decrease m Ae amount of sodram acetate normally used. 
2B8-MX-DTPA (0.267 mL), representing 20% less antibo(fy than normally used, 
was added and the reaction mixtnre mcubatBd at ambient traiqteratnre. At 2, 4, 6, 
and 8 mm., 0.020 mL was removed from the reaction mixture, formulated witii 

20 Formulation bu^ to a final antibody concentration of 0.21 mg/mL, and stored at 
2-8° C until assayed. Friday labeling was performed similarly using 0.403 mL ^^Y 
diloride, 0.387 mL of sodium acetate, and 0.267 mL.of conjugate; 40 /iL samples 
were removed at the indicated times and formulated wifli Formnlation buffer. For 
both studies, a 1 mCi control reaction was performed using die "standard" 

25 conditions described above (5 min. reaction). 



DetermiTifltion of Radim ncorporatinn 
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The amount of radioactivity assodated with the conjugates was determined 
according to the assay described above, using the commercially available kit 
manufectnred by Biodex (Tec-Control Radiochromatographic Kit). In general, 0.5 
- 1 ftL sauries were appUed to duplicate strips using a microp5)etter and 

5 developed accordnig to the Biodex mstructional insert Strq) halves were counted 
for radioactivity m glass tabes using anisodaia gamma counter with window to 
100- 1000 KeV. Hie radiolabel incorporation was calculated by dividmg die 
amount of radioactivity in tiie top half of the stnp by the total radioactivity found 
in bofli top and bottom halves. This vahie was ejqaessed as a percentage and die 

10 mean value determined. 

3. Detennrnation of Binding 

Sanqjles was analyzed for percent binding to CD20 positive cells 
following the protocol desaibed above. However, the negative control HSB Cell 
samples were not included in diese ejqjerimeats, and the SB Cells were lyqphilized 

IS in 5 mL vials insfead of microfiige tubes. 

Essentially, all final formulated Y2B8 sanqiles were diluted 1:100 wxdi 
DQution bnfesr (lO.O /xL antibody 4- 990 (mL buffo). The antibody was 
subsequenfly diluted agam to an jqiproximate concentration tanging of 8 i^mL by 
addmg35/tLofdiel:100dihitionto lOmLof dihition buffer ma 50 mL 

20 polypropylene tube. 

Six to seven vials of lyophilized cells were reconstituted with SWFI and 
pooled ma 50 mL conical tobe. Reconstitiited cells (0.5 mL) were ta aliquoted 
out in triplicate into dffee 1.5 mL microfuge tubes, three tubK per sample beii^ 
tested. Dilutionbuffer (0.5 mL) was added to three enq)tyniica:ofoge tubes. 
25 Dilutedantibody (OJmL) was added to eadiUibe, capped tightly, and incubated 
at ambient teinperatnre for 45 min. wifli end-over-end mixuig. After incubation, 

cells were peUeted by centrifiigatiQn for 5 min. at a settmg of "6" (4000 X g) using 
a Savant microcentrifoge. Siqtematants from the sazc^les (0.75 mL) were 
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transfciredto 12 X 75 mm glass tabes fot radioactivitv conntmg nsmg m Tsnriata 
gamina counter wifli energy window settings of 100 - 1000 KeV. 

Radioactivity bound (B) to cells was calculated by subtracting the unbound 
radioactivity (supernatant) from tbe total radioactivity added. Total radioactivity 
5 was determined fern tbe radioactivity counted in the tubes witfjout cells. Percent 

bindmg was calculated by ejqoessing the bound radioactivily as a percentage of tb^ 
total. 

To minimize the efiB«t of lot-to-lot 'variabilhy of lycqjhilized cells use^ 
assess binding, bindmg values were normaUzed to 1 mCi Y2B8 controls prepared 
10 using "standard" labeling conditions. Control samples were pr^ared, as stated 
earlier in this section, fiir each set of expetunaits. 

D. . Ess^ 

1. Small-gcalg labeling to Predict FnU-Scaie nnsft Pn^a^Tfrn? 

To insure that smaU-scale radiolabding reactions w«e predictive of fuU- 
15 scale (40 mCi^ dose preparations, 1, 3, 10, and 40 mCi Y2B8 doses were 

prepared using tiieradiolabeling protocols desCTibed above. These results are 

shown in Table 6 and deinonstrate that increasing the scale of flie reaction mixture 
from I mCi to 40 mCi dose not adversely affect binding or radicrincotpotation. 

Table 6 



20 



25 



Amount of "YmCi 


% of Control Bmdmg 


% Radioincoiporatiicni 


1 


100 


99.2 


3 


102 


99.1 


10 


98.6 


99.0 


40 


98.2 


99.0 
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2- Inroact of Adding T^s Vfj^ume of SnHhn^ Arrt"*" 

When Y2B8 was prepared using 20% less vohnne of 50 mM sodium 
acetate, and extending the incubation time by 60 56 , substantial binding was 
retained, compared to the radiolabeled antibody prqared follownig "standard" 
5 labeling conditions (Table 7 betow). Even ^rtiea the labeling reaction was 

performed using Monday labeling conditions, > 89% of the control binding was 
retained. Sunilar resolts were obtamed for a Friday dose preparation. These 
deviations did not inqact radioincorporation, regardless of the day the dose was 
prq)aied. 

10 3. Tmpaof of Adding Rtcrss Vnliimft nf^V ttrimn Chlnridff 

When Y2B8 was prepared using a 20% excess volume of ^ chloride, m 
combination with an mcubation time 60% iMiger tiian that used nranally, 
substantial bhiding was retained, when compared to flie conHol prepared accordmg 
to "standard" labelmg conditions (Table 7 below). When the labeling reaction was 

15 increased to 8 mm., binding stiU remauied > 90% , relative to the control, for 
(Afaer a Monday or a Friday dose preparation. Adding 20% more vohnne of '"Y 
cUoride did not inxpact radiomcoiporation. regardless of the day the dose was 
prq)ared. 

^- rmoact of Adding T^g Volume nf Antil ^dv rnnpff |,ti. 

20 When Y2B8 was prepared using a 20% less volume of die conjugate (2B8- 

MX-DTPA), and extending the mcubation time by 60% ,bmding was not 
significanfly afBected, compared to Y2B8 prepared accordmg to "standard" 
labelmg conditions (Table 7 below). Adding 20% less vohnne of conjugate did not 
nnpact radiomcorporation, regardless of the day die dose was prqiared. 
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Table? 





Monday Dose Prepaxati(uf 


Friday Dose Preparationf* 


Labeling Deviation 


% of Binding 
Control 


% 

Radioiocoipoiation 


% of Binding 
Comrol^ 


% 

Hadioincorporadon 


1. ) 20% Less 

. ..Vobimeof 
Sodium Acetate 

2. ) 60% Ibkcrease in 

Reaction lime 
^mliL) 


89.4 


99.1 


92^ 


98.7 


1. ) 20% Excess^ 

Vohimcof^Y 

2. ) 60% Increase in 

Reaction Hme 
(SmiiL) 


90.6 


99.1 


91.8 


98.6 


1. ) 20% Less 

Vofaimeof 
Antibody 

2. ) 60% iKrease in 

ReactioaTlme 
(8 niin.) 


98^ 


99.0 


98.7 


98.6 



• Pbr a Monday dose prcparaiion. die conceniraiion of '^^Y in the reacts 17 mCi/mL; flic "*y 

concentration for a Friday labeling is 8 mCi/mL. 

Binding values noxmalized to labeled antibody prepared according to ctinicai dose protocol (RSBR-OQS) 
using *staiKlaitL" reagent vdnmes ani a S min. leacdon 



5. Impact of Combined Re agent Deviatims 

25 When Y2B8 was prepared using a protocol in which all four deviations were 

made simultaneously, binding was still substantially maintained, compared to the 
radiolabeled antibody prqjared using "standard" labeling conditions (Table 8 
below). Binding was still > 83% , even when a Monday preparation was 
incubated for 30% longer than the maximum 6 min. used normally. 

30 Radioincorporadon was not afBscted significandy by these cumulative deviations, 
even after an 8 min. incubation time, regardless of the day the dose was prepared. 
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TableS 






Monday Dose Preparation 






7D OX Binoing Control 


%Radioiiicor[^ration 


Z 


97.6 




A 

4 


93.7 




6 


89.5 




e 
O 


83.2 






Friday Dose Preparation 




Labeling Time (min) 


% of Binding Control 


% Radiomc^^^Liion 


2 


98.6 




4 


98.5 




6 


. 96.0 




8 


92.1 





10 



15 



20 





y. Discussion 

To reduce radiation exposure to operators, smaller labeling reactioiis.;w^l 
evaluated instead of full-scale dose preparations. Tterefiore, we verifi^ 
1 mCi and 10 mCi labelings. evaluated in this study, were predictive of i 
40 mCi preparations. Results demonstrated no significant differences inj ^Smg ^ 
and radioincorporation over a range of 1 mCi to 40 mCi. 

We decided tiiat 20% volume errors for sodium acetate, ^ chlori(^ 
conjugated antibody represented potentially extreme deviations in the radiol^ejin g 
protocol. Additionally incubating for 8 min. (3 min. longer than non^^ 
viewed as a significant protocol deviation. In general, due to the short half life of 
^ chloride, the volume of radioisotope will differ depending on the day (^|e. 
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dose prepaiatioiL Therefimre^ experiments described in this report were performed 
using ^ chloride at concentrations rqjresentative of both Monday and Friday to 
represent the full range of possible dose preparation. 

Y2B8 doses prepared using 20% lesser volume of sodium acetate, and 
5 incubated for 8 miiL retained significant binding (> 89%) relative to the standard' 
labeling conditions. Similar results were obtained for doses prepared Monday or 
Friday. This deviation in sotBum acetate vohmie did not afto radioincorp^ 

Adding 20% more vohnne of ^ cWoride, and mcobating for up to 8 mm., 
reduced biodiiig, relative to standard dose preparation conditions, for both Monday 
10 andFriday. However, binding was stin > 90%, which is above the normalized 
release specification. Binding was marginally better for a Friday dose preparation. 
Radioincorporadon was not significantly affected by the increased volume of ^ 
chloride. 

To evaluate the hxipact of makmg simultaneously all volume deviations, 
15 Monday and Friday doses were prq)ared conqaring 2, 4, 6, and 8 mm. incubation 
times. Only when Y2B8 was prepared on a Monday, using an 8 mm. incubation 
time, does the binding marginally foil to meet the normalized specification (83.2% 
conxpared to the normalized release specification of 86.3 %). 
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Referraices 

Each of the fottowing dtatioiis is herem incoipoiated by rei^oice: 
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WtotfeQajmod: 

1 . A method for radiolabeling a chelator-conjugated protein or peptide with a 
thors^utic radioisotope for adnunistratioii to a patient comprising 

(i) mixing the chelator-conjugated protein or pqrtide with a solution 
5 comprising the radioisotope or a salt thereof, and 

(ii) xncabatmg the mixture for a sofiSdent amount of time under amiable 
conditions such that a radiolabeled prntein or pqytide having sufBdent parity, 
specific activity aiui binding specificity is adiieved such that the radiolabeled 
antibody may be administ^ed direcdy to the patient without fordier purification. 

10 2. The method of daim 1, wherein said therapeutic radioisotope is selected 
from the gcoxsp consisting of alpha and beta emitters. 

3. The mediod of claim 2, wherein said dierapeutic radioisotope is a beta 
emitter. 

4. The method of damiS, wherein said beta emitter is 

15 5. The method of daim 1, wherdn said protein is an antibody or antibody 
fi^Lgment. 

6. The mediod of daim 4, whoeni said sufficient incubation time is less thgn 
about eight minates. 

7. The method of claim 6, wherein said sufficient incubation time is between 
20 about two to about five minutes. 
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8. The method of claim 1, wherein said chelator is a bifunctioiial chelator 
selected from the groiq) consistiiig of MX-DTPA, phenyl-DTPA. benzyl-DTPA, 
CHX-DTPA, DOTA and derivatives thereof. 

9 . The method of clann 8 , wherein said chelator is MX-DTP A . 

5 10. The method of clann 4 wherein said amiable conditions refo to accepta^ 
temperature, pH and buffer conditions. 

1 J.. The method of daim 10, wherein said acceptable terE5)eraiure ranges from 
abont 25°C to about 43'*C. 

12. The method of claun 10, wherein said accq>table pH ranges from abont 3.0 
10 to abont 6.0. 

13. Themethodof claim 10, wherein said acceptable boffer is an acetate 
bufib:. 

14. The mediod of claim 13 , wherein said bufBer is sodium acetate is at a 
concentration of between about 10 and about 1000 mM. 

15 15. The method of claim 10, where said acceptable buffer includes a benign 
radioprotectanL 

16. The mefliod of claim 15, wh^ein said benign radioprotectant is ascorbaie. 

17. The method of claim 1, wherein a levd of radiomcorporation of at least 
abont 95% is achieved. 
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18. The method of claim 1, wherein said binding specificity is at least 70%. 

19. The method of claim 5. wherein the antibody is labeled to a specific 
activity of at least 5 mCi/mg. 

20. A kit for radiolabeling a chelator-conjugated protein or pq)tide with a 
therap«itic radioisotqie foft administration to a patient cointtising 

(0 a vial containing dielator-conjugated protein or peptide in an 
appropriate bu£Gsr, 

(ii) a vial containing fbmmlation buffer for stabilizing and 
administering the radiolabeled antibody to a patient, and 

(iiO instructions for performing the radiolabeling procedure, such tiiat 
when the chelator-conjugated protein or peptide is ejqposed to the radioisotope or a 
salt thereof for a sufBdent amount of tnne under amiable conditions as 
recommended in said instructions, a radiolabded protem or pqptide 
sufficient purity, spedfic activity and binding spedficily is achieved such that the 
radiolabeled antibody may be dihited to an^nqjriale concentration in said 
formulation buffer and administered direcfly to the patient without forther 
purification. 

21 . The. kit of clann 20, wherein said ther^eutic radioisotope is an alpha or 
beta emitting radioisotope. 

22. Thekit of claim 21, wherein said tfarapeutic radioisotope is a b^ emitter. 

23. The kit of clann22, wherem said beta emitter is '^Y. 



24. The kit of claim 20, wherein said protein is an antibody or antibody 
fragment. 
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25. The lot of claim 23, wherein sddsufBdentmcubad^ 
about eight numites. 

26. The Mt of claim 25, wherem said snfOdent incubation time is between 
about two to about five nmuites. 

5 27. ThBldtofdaim20,\««ienansaid<Matorisabifimctionalciid^ 
ftom the group consisting of MX-DTPA. phenyl-DXPA, beuzyl-DTPA, CHX- 
DTPA, DOTA and derivatives thereof. 

28 . The kit of daim 27, wherein said dielator is MX-DTPA. 

29. The kit of claim 20 wherein said anuable conditions refer to acceptable 
10 tea;)«rature, pH and bu£fer conditions. 

30. The kit of claim 29, wherem said accq)table femperatore ranges ftom about 
25°Ctoabout43''C. 

31. The kit of daim 29, wherein said accqitablepH ranges ftom about 3.0 to 
about 6.0. 

15 32. The kit of claim 29, wherein said acceptable bu^ is an acetate buffer. 

33 . The kit of claim 32, wherein said buffer is Sodium acetate is at a 
concentradon of between about 10 and about 1000 mM. 



34. The kit of claim 29. where said accqrtable buffer includes a benign 
radioprotectant. 
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35. Theldtof daim 34, wherein saMbenigaradioprotectant is asro 

36. The kit of daim 20, wherem a level of radiomcoiporation of at least about 
95% is achieved. 

37. Theldtofdann20, wherem saM binding spedfidly is at least 70%. 

38. The lot of dahn 23, whetem the antibody is Id)eled to a specific activ^ 
atleastSmCi/ing. 

39. The kit of dann 20 fiirtherconqttismg a vial of sterile buffo for ad^ti^^ 
the pH of the radioisotope. 

40. The kit of daim 39 A;<dierein said vial conqnises an flc^tatr buffer. 

41 . The kit of daim 20, wherein said fommlation buffer contains physiological 
saline, a ladiopiotectant, and uncongugated chdator. 

42. Thekitof dahn 41, wherein ttieradioprotectant is selected ifrom die group 
consisting of human serum albumin (HSA), ascorbate, ascorbic acid, phenol, 
sulfites, glutafliione, cysteme, gentisic arid, nicotinic arid, ascorbyl pahnitate, 
HOP(:0)Hj, glycerol, sodnnn formaldehyde snlfoxylate, NajSjOs, NajSjOs, and 

43 . The kit of claim 42 wherein the radioprotectant is ascorbate. 



44. The kit of clami43 wherein the concentration of ascorbate is about 1 to 100 
mgfmL. 
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45. The kit of claim 42 wherein the unconjugated dielator is DTPA. 

46. The kit of daim 45 wherein the concoitration of DTPA is about 1 mM . 

47. Thekitof daim 20 further con^rising a reaction via^ 

48. The kit of daim 20 fhrther co^^>rising a vial of radioisotope. 
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FIG. 1A 

Binding of Y2B8 to CD20-Positive Cells 
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FIG. 1B 

Binding of Y2B8 to CD20-Positive Cells 
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